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Abstract 

A clutch comprises a housing (1), an input shaft (2) and an output shaft (3) 
rotatably supported with respect to the housing (1), a drive gear set (4) and a control 
5 gear set (5) each comprising a first gear (6, 7), a number of pinion gears (8, 9), a carrier 
(10, 11) onto which the pinion gears (8, 9) are mounted, and a second gear (12, 13), 
each pmion gear (8, 9) meshing with the corresponding first gear (6, 7) and second gear 
(12, 13) of the gear set (4, 5), as well as control means (14) for influencing the rotation 
of a first gear (7) or a second gear (13) of the control gear set. The first gear (6) of the 
10 drive gear set (4) is connected to the input shaft (2), the carrier (1 0) of said drive gear 
- set (4) is connected to the output shaft (3) and the second gear (12) of said drive gear 
set (4) is connected to the carrier (11) of the control gear set (5), the first gear (7) of the 
control gear set (5) bemg connected to the output shaft (3)and the second gear (13) of 
said control gear set (5) being connected to the control means (4). 
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(Fig. 1) 



Electromechanical pear clutch 



The inventioii is related to an electromechanical clutch, which can be appUed in 
automotive vehicles between the engine and the rest of the drive train. The clutch can 
for instance be connected to a gear box or to a continuously variable transmission. 

The object of the invention is to provide an electromechanical clutdi which is of 
an improved, efficient design. This object is achieved by means of a clutch, comprising 
a housing, an input shaft and an output shaft rotatably supported with respect to the 
housing, a drive gear set and a control gear set each comprising a first gear, a number 
of pinion gears, a carrier onto which the pmion gears are mounted, and a second gear. 
. each pinion gear meshing with the corresponding first gear and second gear of the gear 
set. as weU as control means for influencing the rotation, controUed by a sensor e.g. 
encoder sensor, of a first gear or a second gear of the control gear set, wherein the first 
gear of the drive gpar set is connected to the input shaft, the carrier of said drive gear 
set is connected to the output shaft and Ihe second gear of said drive gear set is 
connected to the carrier of the control gear set, the first gear of the control gear set 
being connected to the output shaft and the second gear of said control gear set being 
connected to die control means. 

In the clutch according to the invention efficient use is made of the power which 
is appUed for the control means which drives the control gear set. This power is added 
to the power generated by the engine which is to be connected to the input shaft of the 
clutch. Thus, at the output shaft the sum of the power fed to the control means as well 
as fed to the input shaft is obtained, which is beneficial when driving off or when 
accelerating the vehicle in question. 

After the clutch has estabhshed a normal connection between the input shaft and 
the output shaft, that is without any rotational speed differences, the action of the 
control means can be stopped in case a coupUng mechanism is provided for selectively 
establishing a rotatable or a non-rotatable connection between the input shaft and the 
output shaft. Said coupling means are preferably associated with the first gear of the 
drive gear set and the second gear of the control gear set. In particular, the first gear of 
the drive gear set and the second gear of the control gear set have facing surfaces which 
each carry a part of the coupling means, such as radially extending ridges and grooves. 
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With the aim of enabling flie coiq>ling action, the first gear of the drive gear set 
and fbs second gear of the control gear set are axially moveable with respect to each 
other for transferring said gears between a coupled and an vmcoupled condition, the 
coupled condition can be ascertained when the first gear of the drive gear set and flie 
5 second gear of the control gear set are spring biased towards each other. 

The uncoupled condition can then be obtained by means of an electromagnetic 
actuator for moving the first gear of the drive gear set and the second gear of the 
control gear set away fiom each other against the biasing force. The coU of the actuator 
is connected to the housing, and the armature thereof is connected to the 
10 electromagnetic actuator is connected to the second gear of the control gear set. 

The second gear of the control gear set is supported rotatably with respect to the 
output shaft by means of a disc member, said second gear also being axially sUdable 
with respect to said disc. Said disc is at the side of said the second.gear facing away 
fiom the coiq>ling means, the armature protruding through the disc and the biasing 
15 means being provided between the disc and said second gear. 

The first gear of the drive gear set and the carrier of the control gear set are 
rotatably supported with respect to each other, e.g. by means of a rollmg element 
bearing. Furthermore, the first gear of the drive gear set is connected to Ihe input shaft 
through a spring damper. 
20 The control means may comprise an electric motor, the stator of which is 

connected to the housing and the rotor of which is connected to the second gear of the 
control gear set. 

The first gear of the drive gear set may have means, e.g. an external toothing, for 
engagement with a starter motor. Alternatively, the first gear of the drive gear may be 
25 connected to the rotor of a starter motor, the stator of which is connected to the 
housing. 

The gear sets can be carried out in different forms, dependent on the lay-out of 
the clutch and the sizes thereof. According to a first embodiment, the first gear and the 
second gear of the drive gear set are face gears. Alternatively however, the control gear 
30 set is a planetary gear set, the first gear being the smi gear and the second gear being 
the ring gear of said planetary gear set. 

The invention will now be described fijrther with reference to the embodiments 

shown in the drawings. 
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Figures 1 and 2 show view in perspective, partiaUy in radial cross section, of a 
first embodiment of a clutch according to flie invaition. 

Figure 3 shows a firont view of the embodimrait according to figures 1 and 2. 
Figure 4 shows a radial cross section of Ihe embodiments according to figures 1 
5 and 2. 

Figure 5 shows a view in perspective, partially in radial cross section of a second 
embodiment. 

Figure 6 shows a front view of the embodiment of figure 5. 

Figure 7 shows a radial cross section of the embodiment according to figure 5. 
10 Figure 8 shows a third embodiment. 

The clutch shown in the figures 1 up to 4 comprises a housing provided with 
openings fiom which an input shaft 2 and an output shaft 3 respectively protrude. 
Furthermore, the housing 1 contains a drive gear set 4 and a control gear set 5. The 
drive gear set 4 consists of a first fece gear 6 and a second fece gear 12 which both 
15 mesh with a number of pinion gears 8. The control gear set 5 is carried out as a 
planetary gear set 5 having a sun gear 7, a ring gear 13 and a number of satelUte gears 
9. 

Furthermore, control means 14 are provided which are carried out as an electric 
motor, the stator 27 of which is connected to the housing 1, and the rotor 28 of which is 

20 coraiected to the ring gear 1 3 of the planetary gear set 5. 

The pinions 8 of the drive gear set 4 are supported by a carrier 10 which is 
comxected to the output shaft 3. The first face gear 6 of the drive gear set 4 is connected 
to the mput shaft 2, and the second face gear 12 of the drive gear set 4 is comiected to 
the carrier 1 1 of the control gear set 5. This carrier 1 1 supports the sateUite gears 9 of 

25 said control gear set 5. The sun gear 7 of the control gear set 5 is connected to the 
output shaft 3, and the ring gear 13 is connected to the rotor 28 of the electric motor 14, 
as mentioned above. 

Furthermore, a coupling mechanism 15 is provided which as shown is in the 
disengaged state. This means that the input shaft 2 and the output shaft 3 are finely 
30 rotatable with respect to each other. The coupUng means have facing surfeces 17 and 
18, provided with ridges and grooves 19. 

The surface 17 is connected to the first fece gear 6 of the drive gear set 4, and the 
surface 18 is carried by the second or ring gear 13 of the control gear set 5. Through the 
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toothed connecting 35, said ring gear 13 is axiaUy moveable but non-rotatable with 
respect to the first fiace gear 6 of the drive gear set 5. By means of springs 24, the facing 
surfaces 17, 18 are constantly urged in engagement with each other. Furthermore, an 
electromagnetic actuator 20 is provided, comprising a coil 21 and an armature 22. By 
5 energizing coil 21, the armature 22 is moved against the force of the springs 24, thus 
bringing the facing surfaces 17, 18 out of engagemmt with each other. 

The first face gear 6 of the drive gpar set 4 and the carrier 1 1 of the control gear 
set 5 are rotatably supported with respect to each oflier by means of rollmg element 
bearing 25. The first face gear 6 of the drive gear set 4 is connected to the input shaft 2 
10 through spring dampers 26. Furthermore, the first face gear 6 of the drive gear set 4 has 
an external toothing 29, which through the window 33 can engage a starter motor (not 
shown). 

The embodiment of figures 5 up to 6 is to a large extend identical to the 
embodiment of figures 1 up to 4, except for the startmg arrangement. As shown in 

15 figures 5 up to 7, the drive gear set 4 is now connected to the rotor 30 of a starter motor 
3 1 , the stator 32 which is connected to the housing. 

The clutch accorduig to the embodiments shown before fimctions as follows. In 
the disengaged state of the facing surfaces 17 and 18 it is after energizing coil 21, the 
engine onto which the clutch according to the invention is connected, is started. In the 

20 embodiment of figures 1 up to 4 this occurs by means of a starter motor engaging the 
toothing 29, in the embodunent of the figures 5 up to 7 this occurs by mergizing the 
starter motor 31. 

When the motor has been started, the input shaft 2 is rotating in the direction 
indicated by the double headed arrow in the left of figure 1. Possible shocks during 

25 startmg have been damped out by the springs 26. The rotating movement is transferred 
firom the input shaft 2, via the disc 34 connected therefore, and the springs 26 onto the 
first face gear 6 of the drive gear set 4. As the output shaft 3 is stationary, both the 
carrier 10 for the pinions as well as flie sun gear 7 are stationary. This means that the 
face gear 6 makes the pinion gears 8 rotate about their own axes only, as a result of 

30 which the second face gear 7 and thus the carriCT 1 1 rotates m opposite direction to the 
double headed arrow left in figure 1. Consequently, also the rotor 28 of the motor 14 is 
rotating in this opposite direction. 
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Wifli the aim of making the output shaft 3 rotate in the same direction, that is 
according to the double headed arrow as well, the motor 14 is energized. Thereby, the 
rotation of the rotor 28 is slowing down, which means that the energy provided by the 
motor 14 provided a positive contribution to the power transferred to the output shaft 3. 
Thus, the output shaft 3 obtains both the power from the engine connected to the input 
shaft 2 as well as the power of the electromotor 14. As soon as the inpjA shaft 2 and the 
output shaft 3 rotate at the same number of revolutions, also the feeing teeth 17 and 18 
rotate at the same speed. At that point in time, the coil 21 is de-energized whereby the 
grooves and ridges 19 come to grasp into each other. The input shaft 2 and output shaft 
3 are now fixedly connected to each other, whereby a normal driving condition is 
■■ obtained. 

The embodiment of figure 8 is to a large extend similar to the former 
embodiments. However, in this simpUfied embodiment no springs 26 for damping 
purposes have been mcoiporated. The first fece gear 6 of the drive gear set 4 is now 
directly connected to the feeing surface 17 with grooves and ridges 19. 

The unit, comprismg a spring damper and/or a balancing unit and/or a starter 
motor or a starter gear can be connected to the flange 37. A balancing unit 36, known 
per se, is connected to the disc 34 for balancing the complete arrangement. The electric 
motor 14 can act as a booster, not only upon clutching but also during normal drivmg 
conditions with the clutch fully engaged. Also the starter motor 31 of the embodiment 
according to figures 5-7 can act as such a booster. 

Control sensors are provided which are e.g. in closed loop configuration with the 
controls of a transmission such as a continuously variable transmission. The ami 
thereof is to provide an efficient shift transmission system, which for instance prevents 
sUp in the belt/disc contact configuration of the continuously variable transmission. 

The control systems can be a part of the overall car management system. The 
clutch systems as described before can be appUed for road or ofif-road vehicles, 
industrial implications such as lathes etc. 
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Plaitns 



1. Clutch, comprising a housing (1), an input shaft (2) and an output shaft (3) 
lotatably supported with respect to the housing (1), a drive gear set (4) and a control 
5 gear set (5) each comprising a first gear (6, 7). a number of pinion gears (8. 9). a carrier 
(10, 11) onto which the pmion gears (8, 9) are mounted, and a second gear (12, 13), 
each pinion gear (8. 9) meshing with the corresponding first gear (6, 7) and second gear 
(12. 13) of the gear set (4, 5), as weU as control means (14) for influencing the rotation 
of a first gear (7) or a second gear (13) of the control gear set, wherein the first gear (6) 
10 of the drive gear set (4) is connected to the input shaft (2). the carrier (10) of said drive 
„ gear set (4) is connected to the output shaft (3) and the second gear (12) of said drive 
gear set (4) is connected to the carrier (11) of the control gear set (5), the first gear (7) 
of the control gear set (5) being connected to the output shaft (3)and the second gear 
(13) of said control gear set (5) being connected to the control means (4). 

15 

2. Clutch according to claim 1. wherein a coupUng mechanism (15) is provided 
for selectively estabUshing a rotatable or a non-rotatable connection between the input 
shaft (2) and the output shaft (3). 

20 3. Clutch according to claim 2, wherein the coupUng means (15) are associated 

with the first gear (6) of the drive gear set (4) and the second gear (13) of the control 
gear set (5). 

4. Clutch according to claim 3, wherein the first gear (6) of the drive gear set (4) 
25 and the second gear (13) of the control gear set (5) have facing surfaces (17, 18) which 

each carry a part of the coupling means (15). 

5. Clutch according to claim 4, wherem the coupling means (15) comprise 
radiaUy extending ridges and grooves (19). 



30 



6. Clutch accordmg to claim 3, 4 or 5, wherein the first gear (6) of the drive gear 
set (4) and the second gear (13) of the control gear set (5) are axially moveable with 
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respect to each other for transferring said gears (6, 13) between a coupled and an 
uncoupled condition. 

7. Clutch according to claim 6, wherein the first gear (6) of the drive gear set (4) 
5 and the second gear (13) of the control gear set (5) are spring biased towards each 

other. 

8. Clutch according to claim 7, wherein an electromagnetic actuator (20) is 
provided for moving the first gear (6) of the drive gear set (4) and the second gear (13) 

10 of the control gear set (5) away &om each other against tiie biasing force. 

9. Clutch according to claim 8, wherein the coil (21) of the the actuator (20) is 
connected to the housing (1), and the armature (22) thereof is connected to the second 
gear (13) of the control gear set (5). 
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10. Clutch according to claun 9, wherein the second gear (13) of the control gear 
set (5) is sv^jported rotatably with respect to the output shaft by means of a disc 
member (23), said. second gear (13) also being axiaUy sUdable with respect to said disc 
member (23). 

11. Clutch according to claim 10, wherem the disc member (23) is positioned at 
the side of said the second gear (13) facing away fix>m the coupling means (15), the 
armature (22) protruding through the disc member (23) and the biasing means (24) 
being provided between the disc member (23) and said second gear (13). 

12. Clutch according to any of the preceding claims, wherein the first gear (6) of 
the drive gear set (4) and the carrier (11) of the control gear set (5) are rotatably 
supported with respect to each other. e.g. by means of a roUing element bearing (25). 



13. Clutch according to any of the preceding claims, wherein the first gear (6) 
the drive gear set (4) is connected to the input shaft (2) through a spring damper (26). 
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14. Clutch according to any of tiie preceding claims, wherein the control means 
(14) comprise an electric motor, the stator (27) of which is connected to the housing (1) 
and the rotor (28) of which is comiected to the second gear (13) of the control gear set 
(5). 

15. Clutch according to any of the preceding claims, wherein the first gear (6) of 
the drive gear set (4) has means, e.g. an external toothing (29), for engagement with a 
starter motor. 

16. Clutch according to any of claims 1-14, wherein the first gear (6) of the drive 
gear (4) is connected to the rotor (30) of a starter motor (31). the stator (32) of which is 
comiected to the housing (1). 

17. Clutch according to any of the preceding claims, wherein the first gear (6) and 
the second gear (12) of the drive gear set (4) are fece gears. 

18. Clutch according to any of the preceding claims, wherein the control gear set 
(5) is a planetary gear set, the first gear being the sun gear (7) and the second gear 
being the ring gear (13) of said planetary gear set (5). 

19. Clutch according to any of the preceding claims, wherein a sensor, for 
instance an encoder sensor is provided for providing information to the control means. 

20. Clutch according to any of the preceding claims, wherein different modules 
are appUed e.g. a clutch module, a damper module, a balancing module, etc. 

21. Clutch according to any of the preceding claims, wherein several parts can be 
made of metalUc or non-metallic components, composite, powder, sheet metal material 
components etc. 



lUZi$ 14b 




1U23U5 




1023U5 




